
(12) United States Patent 
Montagnier et al. 

US006627395B1 

US 6,627,395 B1 
Sep. 30, 2003 

(10) Patent N0.: 
(45) Date of Patent: 

(54) METHODS FOR THE PROPAGATION, 
ISOLATION, IDENTIFICATION, AND 
PREPARATION OF HUMAN 
IMMUNODEFICIENCY VIRUS TYPE 1 
(HIV-1) 

(75) Inventors: Luc Montagnier, Le Plessis Robinson 
(FR); J ean-Claude Chermann, 
Elancourt (FR); Francoise 
Barre—Sinoussi, Issy les Moulineaux 
(FR); Francoise Brun-Vezinet, Paris 
(FR); Christine RouziouX, Paris (FR); 
Willy Rozenbaum, Paris (FR); Charles 
Dauguet, Paris (FR); Jacqueline 
Gruest, L’Hay les Roses (FR); 
Marie-Therese Nugeyre, Paris (FR); 
Francoise Rey, Paris (FR); Claudine 
AXler-Blin, Paris (FR); Solange 
Chamaret, Paris (FR); Robert C. 
Gallo, Bethesda, MD (US); Mikulas 
Popovic, Bethesda, MD (US); 
Mangalasseril G. Sarngadharan, 
Vienna, VA (US) 

Institut Pasteur, Paris (FR); The 
United States of America as 
represented by the Secretary of the 
Department of Health and Human 
Services, Washington, DC (US) 

(73) Assignees: 

( * ) Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C. 154(b) by 0 days. 

Appl. No.: 

Filed: 

08/466,256 
Jun. 6, 1995 

Related US. Application Data 

(21) 
(22) 

(63) Continuation of application No. 08/019,297, ?led on Feb. 
18, 1993, which is a division of application No. 07/876,297, 
?led on Apr. 30, 1992, now abandoned, which is a continu 
ation of application No. 07/117,937, ?led on Nov. 5, 1987, 
now Pat. No. 5,135,864, which is a continuation of appli 
cation No. 06/785,638, ?led on Oct. 8, 1985, now Pat. No. 
4,708,818, which is a continuation of application No. 
06/558,109, ?led on Dec. 5, 1993, now abandoned. 

Foreign Application Priority Data 

(GB) .......................................... .. 83 24800 

(GB) .......................................... .. 84/24800 

(30) 
Sep. 15, 1983 
Sep. 15, 1983 

(51) Int. Cl? ................................................ .. C12Q 1/70 

(52) 

(58) 

US. Cl. .................... .. 435/5; 424/1881; 424/2081 

Field of Search ................. .. 435/5, 7.1; 424/1881, 
424/2081 

References Cited 

U.S. PATENT DOCUMENTS 

4,323,555 A 
4,520,113 A 
4,708,818 A 
4,843,011 A 
5,135,864 A * 
5,156,949 A 

(56) 

4/1982 
5/1985 
11/1987 
6/1989 
8/1992 
10/1992 

Theilen 
Gallo et al. 
Montagnier et al. 
Sarngadharan et al. 
Montagnier et al. 435/235.1 
Luciw et al. 

FOREIGN PATENT DOCUMENTS 

0116949 
0745948 

EP 
SU 

8/1984 
7/1980 

OTHER PUBLICATIONS 

Goodenow et al., 1989, J. Acquir. Immune De?c. Sydr. 
2:344—353.* 
Gao et al., 1994, J. Virol. 68:7433—7447.* 
Tyler et al., “Pathogenesis of Viral Infections”, in Fields 
Virology, Fields et al., eds., Lippincott—Raven Publishers, 
Philadelphia, 1996, pp. 186—194.* 
Antibodies: A Laboratory Manual, Harlow et al., eds., Cold 
Spring Harbor Laboratory, Cold Spring Harbor, New York, 
pp. 1 and 23* 
English Language Abstract of Soviet Union Patent No. 
0,745,948. 
Barre—Sinoussi et al., Science, 220, pp. 868—871 (1983). 
Gallo et al., J. Nat’l. Cancer Inst., 69(6), pp. 1209—1214 
(1982). 
Barre—Sinoussi et al., Ann. Microbiological. (Institut Pas 
teur), 130 B, pp. 349—362 (1979). 
PoiesZ et al., Proc. Nat’l. Acad. Sci., USA, 77(12), pp. 
7415—7419 (1980). 
Robert—Guroff et al., J. Exp. Med., 154, pp. 1957—1964 
(1981). 
Kalyanaraman et al., J. Virol., 38, pp. 906—915 (1981). 
Popovic et al., Science, 219, pp. 856—859 (1983). 
Montelaro et al., J. of Virology, 42(3), pp. 1029—1038 
(1982). 
Montagnier et al., “A New Human T—Lymphotropic Retro 
virus . . . ”, reprinted from Human T—Cell Leukemia/ 

Lymphoma Viruses, Cold Spring Harbor Laboratory, Gall et 
al., eds., pp. 363—379 (1984). 
Kalyanaraman et al., Science, 225, pp. 321—323 (1984). 
Casey et al., J. of Virology, 55(2), pp. 417—423 (1985). 
SaXinger et al., Laboratory Investigation, 49(3), pp. 371—377 
(1983). 
De The’ et al., CR. Acad. Sc. Paris, t. 297, Serie III, pp. 
195—197 (1983). 
Renato Dulbecco, Oncogenic Viruses, Microbiology, Third 
Edition, pp. 1231—1261 (Harper & Row Publishers, 1980). 
Chandra et al., Cold Spring Harbor Conference, Cell Pro 
liferation, vol. 7, pp. 775—791 (1980). 

(List continued on neXt page.) 

Primary Examiner—Laurie Scheiner 
Assistant Examiner—J. S. Parkin 
(74) Attorney, Agent, or Firm—Finnegan, Henderson, 
Farabow, Garrett & Dunner, L.L.P. 

(57) ABSTRACT 

The identi?cation, separation, puri?cation, and propagation 
of the HIV-1 virus is provided. Moreover, the preparation of 
antigens from HIV-1 is further provided. The identi?cation 
of HIV-1 involves the puri?cation of a virus sample from 
lymphocytes and contacting the sample with antibodies, 
which bind to HIV-1 viruses, is provided. The propagation 
of HIV-1 virus involves infecting uninfected T lymphocytes 
with the virus. Moreover, the preparation of antigens from 
HIV-1 involves the separation of protein components of a 
puri?ed HIV-1 virus under denaturing conditions. 
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METHODS FOR THE PROPAGATION, 
ISOLATION, IDENTIFICATION, AND 

PREPARATION OF HUMAN 
IMMUNODEFICIENCY VIRUS TYPE 1 

(HIV-1) 

This is a continuation of application Ser. No. 08/019,297, 
?led Feb. 18, 1993, Which is a division of application Ser. 
No. 07/876,297, ?led Apr. 30, 1992, noW abandoned, Which 
is a continuation application of Ser. No. 07/117,937, ?led 
Nov. 5, 1987, now US. Pat. No. 5,135,864, Which is a 
continuation application of Ser. No. 06/785,638, ?led Oct. 8, 
1985, now US. Pat. No. 4,708,818, Which is a continuation 
application of Ser. No. 06/558,109, ?led Dec. 5, 1983, noW 
abandoned. 

The invention relates to antigens, means and methods for 
the diagnosis of lymphadenopathy and acquired immune 
de?ciency syndrome. 

The acquired immune de?ciency syndrome (AIDS) has 
recently been recognized in several countries. The disease 
has been reported mainly in homosexual males With multiple 
partners, and epidemiological studies suggest horiZontal 
transmission by sexual routes as Well as by intravenous drug 
administration, and blood transfusion. The pronounced 
depression of cellular immunity that occurs in patients With 
AIDS and the quantitative modi?cations of subpopulations 
of their T lymphocytes suggest that T cells or a subset of T 
cells might be a preferential target for the putative infectious 
agent. Alternatively, these modi?cations may result from 
subsequent infections. The depressed cellular immunity may 
result in serious opportunistic infections in AIDS patients, 
many of Whom develop Kaposi’s sarcoma. HoWever, a 
picture of persistent multiple lymphadenopathies has also 
been described in homosexual males and infants Who may or 
may not develop AIDS. The histological aspect of such 
lymph nodes is that of reactive hyperplasia. Such cases may 
correspond to an early or a milder form of the disease. 

It has been found that one of the major etiological agents 
of AIDS and of lymphadenopathy syndrom (LAS), Which is 
often considered as a prodromic sign of AIDS, should 
consist of a T-lymphotropic retrovirus Which has been 
isolated from a lymph node of a homosexual patient With 
multiple lymphadenopathies. The virus appears to be dis 
tinct from the human T-cell leukemia virus (HTLV) family 
(R. C. Gallo and M. S. ReitZ, “J. Natl. Cancer Inst.”, 69 (No. 
6), 1209 (1982)). The last mentioned virus has been knoWn 
as belonging to the so-called HTLV-1 subgroup. 

The patient Was a 33-year-old homosexual male Who 
sought medical consultation in December 1982 for cervical 
lymphadenopathy and asthenia (patient 1). Examination 
shoWed axillary and inguinal lymphadenopathies. Neither 
fever nor recent loss of Weight Were noted. The patient had 
a history of several episodes of gonorrhea and had been 
treated for syphilis in September 1982. During intervieWs he 
indicated that he had had more than 50 sexual partners per 
year and had travelled to many countries, including North 
Africa, Greece, and India. His last trip to NeW York Was in 
1979. 

Laboratory tests indicated positive serology 
(immunoglobulin G) for cytomegalovirus (CMV) and 
Epstein-Barr virus. Herpes simplex virus Was detected in 
cells from his throat that Were cultured on human and 
monkey cells. A biopsy of a cervical lymph node Was 
performed. One sample served for histological examination, 
Which revealed follicular hyperplasia Without change of the 
general structure of the lymph node. Immunohistological 
studies revealed, in paracortical areas, numerous T lympho 
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2 
cytes (OKT3+). Typing of the Whole cellular suspension 
indicated that 62 percent of the cells Were T lymphocytes 
(OKT3+), 44 percent Were T-helper cells (OKT4+), and 16 
percent Were suppressor cells (OKT8+). 

Cells of the same biopsed lymph node Were put in culture 
medium With phytohemagglutinin (PHA), T-cell groWth 
factor. (TCGF), and antiserum to human 0t interferon (“The 
cells Were groWn in RPMI-1640 medium supplemented With 
antibiotics, 10'5 M [3-mercaptoethanol, 10 percent fetal calf 
serum, 0.1 percent sheep antibody to human 0t interferon 
(neutraliZing titer, 7 IU at 10'5 dilution and 10 percent 
TCGF, free of PHA”). The reason for using the antiserum to 
ot-interferon Was to neutraliZe endogenous interferon Which 
is secreted by cells chronically infected by viruses, including 
retroviruses. In the mouse system, it had previously been 
shoWn that anti-serum to interferon could increase retrovirus 
production by a factor of 10 to 50 Barre-Sinoussi et al., 
“Ann. Microbiol. (Institut Pasteur)” 130B, 349 (1979). After 
3 days, the culture Was continued in the same medium 
Without PHA. Samples Were regularly taken for reverse 
transcriptase assay and for examination in the electron 
microscope. 

After 15 days of culture, a reverse transcriptase activity 
Was detected in the culture supernatant by using the ionic 
conditions described for HTLV-I (B. J. PoiesZ et al. “Proc. 
Natl. Acad. Sci. USA.” 77, 7415 (1980)). Virus production 
continued for 15 days and decreased thereafter, in parallel 
With the decline of lymphocyte proliferation. Peripheral 
blood lymphocytes cultured on the same Way Were consis 
tently negative for reverse transcriptase activity, even after 6 
Weeks. Cytomegalovirus could be detected, upon prolonged 
co-cultivation With MRC5 cells, in the original biopsy 
tissue, but not in the cultured T lymphocytes at any time of 
the culture. 

The invention relates to the neWly isolated virus as a 
source of the above said antigen Which Will be de?ned later. 

The neWly isolated virus, Which Will hereafter be termed 
as LAVl, Will hoWever be described ?rst. 

The virus is transmissible to cultures of T lymphocytes 
obtained from healthy donors. Particularly virus transmis 
sion Was attempted With the use of a culture of T lympho 
cytes established from an adult healthy donor of the Blood 
Transfusion Center at the Pasteur Institute. On day 3, half of 
the culture Was co-cultivate With lymphocytes from the 
biopsy after centrifugation of the mixed cell suspensions. 
Reverse transcriptase activity could be detected in the super 
natant on day 15 of the coculture but Was not detectable on 
days 5 and 10. The reverse transcriptase had the same 
characteristics as that released by the patient’s cells and the 
amount released remained stable for 15 to 20 days. Cells of 
the uninfected culture of the donor lymphocytes did not 
release reverse transcriptase activity during this period or up 
to 6 Weeks When the culture Was discontinued. 

The cell-free supernatant of the infected co-culture Was 
used to infect 3-day-old cultures of T lymphocytes from tWo 
umbilical cords, LC1 and LC5, in the presence of Polybrene 
(2 pig/ml). After a lag period of 7 days, a relatively high titer 
of reverse transcriptase activity Was detected in the super 
natant of both cord lymphocyte cultures. Identical cultures, 
Which had not been infected, remained negative. These tWo 
successive infections clearly shoW that the virus could be 
propagated on normal lymphocytes from either neW-borns 
or adults. 

In the above co-cultures one used either the cells of 
patient 1 as such (they declined and no longer greW) or cells 
Which had been pre-X-rayed or mitomycin C-treated. 

The LAV1 virus, or LAV1 virus suspensions, Which can 
be obtained from infected cultures of lymphocytes have 
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characteristics Which distinguish them completly from other 
HTLV. These characteristics Will be referred to hereafter 
and, When appropriate in relation to the drawing. It shoWs 
curves representative of variation of reverse transcriptase 
activity and [3H] uridine activity respectively versus suc 
cessive fractions of the LAV1 virus in the sucrose gradient, 
after ultra-centrifugation therein of the virus contents of a 
cell-free supernatant obtained from a culture of infected 
lymphocytes. 

The analysis of LAV1 virus by resorting to reverse 
transcriptase activity can be carried out according to the 
procedure Which Was used in relation to virus from patient 
1, on FIG. 1. The results of the analysis are illustrated on 
FIG. 1. Cord blood T lymphocytes infected With virus from 
patient 1 Were labelled for 18 hours With [3H] urinde (28 
Ci/mmole, Amersham; 20 pCi/ml). Cell-free supernatant 
Was ultra-centrifuged for 1 hour at 50,000 rev/min. The 
pellet Was resuspended in 200 pl of NTE buffer (10 mM tris, 
pH 7.4, 100 mM NaCl, and 1 mM EDTA) and Was centri 
fuged over a 3-ml linear sucrose gradient (10 to 60 percent) 
at 55,000 rev/min for 90 minutes in an IEC type SB 498 
rotor . Fractions (200 pl) Were collected, and 30 pl samples 
of each fraction Were assayed for, DNA ?,A dependant 
polymerase activity With 5 mM Mg2+ and poly(A)-oligo 
(dT) as template primer; a 20-;41 portion of each fraction Was 
precipitated With 10 percent trichloroacetic acid and then 
?ltered on a 0.45-pm Millipore ?lter. The 3H labelled acid 
precipitable material Was measured in a Packard [3 counter. 

That the neW virus isolate Was a retrovirus Was further 
indicated by its density in the above sucrose gradient, Which 
Was 1.16, and by its labelling With [3H] uridine (FIG. 1). A 
fast sedimenting RNA appears to be associated With the 
LAV1 virus. 

Virus-infected cells from the original biopsy as Well as 
infected lymphocytes from the ?rst and second viral pas 
sages Were used to determine the optimal requirements for 
reverse transcriptase activity and the template speci?city of 
the enZyme. The results Were the same in all instances. The 
reverse transcriptase activity displayed a strong af?nity for 
poly(adenylate-oligodeoxy-thymidylate) [poly(A)-oligo 
(dT)12i18], and required Mg2+ With an optimal concentration 
(5 mM) and an optimal pH of 7.8. The reaction Was not 
inhibited by actinomycin D. This character, as Well as the 
preferential speci?city for riboseadenylate 
deoxythymidylate over deoxyadenylate-deoxythymolylate, 
distinguish the viral enZyme from DNA-dependent poly 
merases. 

Electron microscopy of ultrathin sections of virus 
producing cells shoWs tWo types of particles, presumably 
corresponding to the immature and mature forms of the 
virus: immature particles are budding at the cell surface, 
With a dense crescent in close contact With the plasma 
membrane. Occasionally, some particles remain in this state, 
While being freed from the cell surface. 

Mature particles have a quite different morphology With 
a small, dense, eccentric core (mean diameter: 41 nM). Most 
of virions are round (mean diameter: 139 nM) or ovoid, but 
in some pictures, especially in the particles seen in the 
original culture from Which the virus Was isolated, a tailed 
morphology can also be observed. The latter form can also 
be observed in cytoplasmic vesicles Which Were released in 
the medium. Such particles are also formed by budding from 
vesicle membranes. 

Morphology of mature particles is clearly distinct from 
HTLV, Whose large core has a mean diameter of 92 nM. 

Helper T-lymphocytes (Leu 3 cells) form the main target 
of the virus. In other Words the LAV1 virus has particular 
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4 
tropism for these cells. Leu 3 cells are recogniZable by the 
monoclonal antibodies commercialiZed by ORTHO under 
the trademark OKT4. In contrast enriched cultures of Leu 2 
cells, Which are mainly suppressor or cytotoxic cells and 
Which are recogniZed by the mono-clonal antibodies com 
mercialiZed by ORTHO under the trademark OKT8 did not 
produce, When infected under the same conditions, any 
detectable RT activity even 6 Weeks after virus infection. 

In most cases of AIDS, the ratio of OKT4+ over OKT8+ 
cells Which is normally over 1, is depressed to values as loW 
of 0.1 or less. 

The LAV1 virus is also immunologically distinct from 
previously knoWn HTLV-1 isolates from cultured T lym 
phocytes of patients With T lymphomas and T leukemias. 
The antibodies used Were speci?c for the p19 and p24 core 
proteins of HTLV-1. A monoclonal antibody to p19 (M. 
Robert-Guroff et al. “J. Exp. Med.”154, 1957 (1981)) and a 
polyclonal goat antibody to p24 (V. S. Kalyanaraman et al. 
“J. Virol.”, 38, 906 (1981)) Were used in an indirect ?uo 
rescence assay against infected cells from the biopsy of 
patient 1 and lymphocytes obtained from a healthy donor 
and infected With the same virus. The LAV1 virus-producing 
cells did not react With either type of antibody, Whereas tWo 
lines of cord lymphocytes chronically infected With HTVL 
1 (M. Popovic, P. S. Sarin, M. Robert-Guroff, V. S. 
Kalyanaraman, D. Mann, J. MinoWada, R. C. Gallo, “Sci 
ence” 219, 856 (1983))and used as controls shoWed strong 
surface ?uorescence. 

In order to determine Which viral antigen Was recogniZed 
by antibodies present in the patient’s sera, several immuno 
precipitation experiments Were carried out. Cord lympho 
cytes infected With virus from patient 1 and uninfected 
controls Were labelled With [35S] methionine for 20 hours. 
Cells Were lysed With detergents, and a cytoplasmic S10 
extract Was made. Labelled virus released in the supernatant 
Was banded in a sucrose gradient. Both materials Were 
immunoprecipitated by antiserum to HTVL-1 p24, by serum 
from patient 1, and by serum samples from healthy donors. 
Immunocomplexes Were analyZed by polyacrylamide gel 
eletrophoresis under denaturing conditions. A p25 protein 
present in the virus-infected cells from patient 1 and in LC1 
cells infected With this virus, Was speci?cally recogniZed by 
serum from patient 1 but not by antiserum to HTLV-1 p24 
obtained under similar conditions or serum of normal 
donors. Conversely the p24 present in control HTLV 
infected cell extracts Was recogniZed by antibodies to HTLV 
but not by serum from patient 1. 

The main protein (p25) detected after puri?cation of 
35S-methionine-labelled virus has a molecular Weight of 
about 25,000 (or 25KDa). This is the only protein recog 
niZed by the serum of patient 1. By analogy With other 
retroviruses, this major protein Was considered to be located 
in the viral core. 

This can be con?rmed in immuno-electron microscopy 
experiments, Which shoW that the patient’s serum can agglu 
tinate the viral cores. Conversely, an antiserum raised in 
rabbit against an ether treated virus did not precipitate the 
p25 protein. 

The viral origin of other proteins seen in polyacrylamide 
gel electrophoresisof puri?ed virus is more dif?cult to 
assess. Ap15 protein could be seen after silver staining, but 
Was much Weaker after 35S-methionine perhaps due to the 
paucity of this amino-acid in the protein. In the higher MW 
range, a contamination of the virus by cellular proteins, 
either inside or outside the viral envelope, is likely. A 36K 
and a 42K protein and a 80K protein Were constantly formed 
to be associated With the puri?ed virus and may represent the 
major envelope proteins. 
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No. p19 (or having a molecular Weight of about 19 mM) 
Was isolated from LAV1 extracts. 

The invention concerns more particularly the extracts of 
said virus as soon as they can be recognized immunologi 
cally by sera of patients afflicted with LAS or AIDS. 
Needless say any type of immunological assay may be 
brought into play. By Way of example immuno?uorescence 
or immunoenZymatic assays or radio-immunoprecipitation 
tests are particularly suitable. 

As a matter of fact and except under exceptional 
circumstances, sera of diseased patients do not recogniZe the 
intact LAV1 virus, or viruses having similar phenotypical or 
immunological properties. The envelope proteins of the 
virus appeared as not detectable immunologically by the 
patients’ sera. HoWever as soon as the core proteins become 
exposed to said sera, the immunological detection becomes 
possible. Therefore the invention concerns all extracts of the 
virus, Whether it be the crudest ones—particularly mere 
virus lysates —or the more puri?ed ones, particularly 
extracts enriched in the p25 protein or even the puri?ed p25 
protein or in protein immunologically related thereWith. Any 
puri?cation procedure may be resorted to. By Way of 
example only, one may use puri?cation procedures such as 
disclosed by R. C. Montelaro et al, J. of Virology, June 1982, 
pp. 1029—1038. 

The invention concerns more generally extracts of any 
virus having similar phenotype and immunologically related 
to that obtained from LAV1. Sources of viruses of the LAV 
type consist of T-lymphocyte cultures isolatable from 
LAS—and AIDS—patients or, from haemophiliacs. 

In that respect other preferred extracts are those obtained 
from tWo retroviruses obtained by propagation on normal 
lymphocytes of the retroviruses isolated from: 

1) lymph node lymphocytes of a caucasian homosexual 
With multiple partners, having extensive Kaposi sar 
coma lesions and severe lymphopenia With practically 
no OKT4+ lymphocytes in his blood; 

2) blood lymphocytes of a young B haemophiliac pre 
senting neurotoxoplasmosis and OKT4"/OKT8+ ratio 
of 0.1. 

These tWo retroviruses have been named IDAV1 and 
IDAV2 respectively (for Immune De?ciency Associated 
Virus). Results of partial characteriZation obtained so far 
indicate similarity—if not identity—of IDAV1 and IDAV2 
to LAV1: 

same ionic requirements and template speci?cities of 
reverse transcriptase, 

same morphology in ultrathin sections, 
antigenically related p25 proteins: serum of LAV1 patient 

immunoprecipitates p25 from IDAV1 and IDAV2; 
conversely, serum from IDAV2 patient immunoprecipi 
tates LAV1 p25. 

IDAV1 patient serum seemed to have a loWer antibodies 
titer and gave a Weak precipitation band for LAV1 and 
IDAV1 p25 proteins. The p25 protein of IDAV1 and IDAV2 
Was not recogniZed by HTLV p24 antiserum. 

These similarities suggest that all these three isolates 
belong to the same group of viruses. 

The invention further relates to a method of in vitro 
diagnosis of LAS or AIDS, Which comprises contacting a 
serum or other biological medium from a patient to be 
diagnosed With a virus extract as above de?ned and detect 
ing the immunological reaction. 

Preferred methods bring into play immunoenZymatic or 
immuno?uorescent assays, particularly according to the 
ELISA technique. Assays may be either direct or indirect 
immunoenZymatic or immuno?uorescent assays. 
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Thus the invention also relates to labelled virus extracts 

Whatever the type of labelling: enZymatic, ?uorescent, 
radioactive, etc. 

Such assays include for instance: 

depositing determined amounts of the extract according to 
the invention in the Wells of titration microplate; 

introducing in said Wells increasing dilutions of the serum 
to be diagnosed; 

incubating the microplate; 
Washing the microplate extensively; 
introducing in the Wells of the microplate labelled anti 

bodies directed against blood immunoglobulines the 
labelling being by an enZyme selected among those 
Which are capable of hydrolysing a substrate, Whereby 
the latter then undergoes a modi?cation of its absorp 
tion of radiations, at least in a determined Wavelength 
band and 

detecting, preferably in a comparative manner With 
respect to a control, the amount of substrate hydrolysis 
as a measure of the potential risks or effective presence 
of the disease. 

The invention also relates to kits for the above said 
diagnosis Which comprise: 

an extract or more puri?ed fraction of the abovesaid types 
of viruses, said extract or fraction being labelled, such 
as by a radioactive, enZymatic or immuno?uorescent 
label; 

human anti-immunoglobulins or protein A 
(advantageously ?xed on a Water-insoluble support 
such as agarose beads); 

a lymphocyte extract obtained from a healty person; 

buffers and, if appropriate, substrates for the viZualiZation 
of the label. 

Other features of the invention Will further appear as the 
description proceeds of preferred isolation and culturing 
procedures of the relevant virus, of preferred extraction 
methods of an extract suitable as diagnostic means, of a 
preferred diagnosis technique and of the results that can be 
achieved. 

1. VIRUS PROPAGATION 

Cultured T-lymphocytes from either ombilical cord or 
blood, or also bone marroW cells from healthy, virus 
negative, adult donors are suitable for virus propagation. 

There is hoWever some variation from individual to 
individual in the capacity of lymphocytes to groW the virus. 
Therefore, it is preferable to select an adult healthy donor, 
Which had no antibodies against the virus and Whose lym 
phocytes repeatly did not release spontaneously virus, as 
detected by reverse transcriptase activity (RT) nor expressed 
viral proteins. 

Lymphocytes of the donor Were obtained and separated by 
cytophoresis and stored froZen at —180° C. in liquid 
nitrogen, in RPMI 1640 medium, supplemented With 50% 
decomplemented human serum and 10% DMSO until used. 

For viral infection, lymphocytes Were put in culture 
(RPMI 1640 medium) With phytohaemagglutinin (PHA) at 
the concentration of 5 .106 cells/ml for 3 days. 

Then, the medium Was removed and cells resuspended in 
viral suspension (crude supernatant of virus-producing 
lymphocytes, stored at —80° C.). Optimal conditions of 
cell/virus concentrations Were 2.106 cells for 5 to 10,000 
cpm of RT activity, the latter determined as previously 
described. After 24 hours, cells Were centrifuged to remove 
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the unadsorbed virus and resuspended in culture PHA-free 
medium and supplemented With PHA-free TCGF 
(Interleukin 2): (0.5—1 U/ml, ?nal concentration), POLY 
BREN (Sigma) 2 pig/ml and anti-interferon 0t sheep serum, 
inactivated at 56° C. for 30 minutes (0.1% of a serum Which 
is able to neutraliZe 7 U of 0t leucocyte interferon at a 

1/ 100,000 dilution). 
Virus production Was tested every 3 days by RT activity 

determination on 1 ml samples. 
The presence of anti-interferon serum is important in 

virus production: When lymphocytes Were infected in the 
absence of anti-human-ot-interferon serum, virus 
production, as assayed by RT activity, Was very loW or 
delayed. Since the sheep antiserum used Was raised against 
partly puri?ed a leucocyte interferon, made according to the 
Cantell technique, the role of components other than inter 
feron cannot be excluded. 

Virus production starts usually from day 9 to 15 after 
infection, and lasts for 10—15 days. In no cases, the emer 
gence of a continuous permanent line Was observed. 

2. VIRUS PURIFICATION 

For its use in ELISA, the virus Was concentrated by 10% 
Polyethylenglycol (PEG 6000) precipitation and banded 
tWice to equilibrium in a 20—60% sucrose gradient. The viral 
band at density 1.16 is then recovered and usable as such for 
ELISA assays. 

For use in RIPA radio-immune precipitation assay, puri 
?cation in isotonic gradients of MetriZamide (sold under the 
trademark NYCODENZ by Nyegaard, Oslo) Were found to 
be preferable. Viral density in such gradients Was very loW 
(1.10—1.11). 

Metabolic labelling With 35S-methionine of cells and virus 
(RIPA) folloWed by polyacrylamide gel electrophioresis 
Were performed as above described eXcept the folloWing 
modi?cations for RIPA: virus puri?ed in NYCODENZ Was 
lysed in 4 volumes of RIPA containing 500 U/ml of apro 
tinin. Incubation With 5 pl or serum to be tested Was made 
for 1 hour at 37° C. and then 18 hours at +4° C. Further 
incubation of the immunocompleXes With protein A 
SEPHAROSE beads Was for 3 hours at +4° C. 

3. PREPARATION OF THE VIRUS EXTRACT 
FOR ELISA ASSAYS 

Virus puri?ed in sucrose gradient as above described, is 
lysed in RIPA buffet (0.5% SDS) and coated on Wells of 
microtest plates (Nunc). 

Preferred conditions for the ELISA assay are summed up 
hereafter. 

After addition to duplicate Wells of serial dilutions of each 
serum to be tested, the speci?cally ?Xed IgGs are revealed 
by goat anti-human IgG coupled With peroXydase. The 
enZymatic reaction is carried out on ortho-phenylene 
diamine as substrate and read With an automatic spectro 
photometer at 492 nM. 
On the same plate each serum is tested on a control 

antigen (a crude cytoplasmic lysate of uninfected 
T-lymphocytes from the same donor) is used in order to 
eliminate unspeci?c binding, Which can be high With some 
sera. 

Sera are considered as positive (antibodies against the 
virus) When the difference betWeen O.D. against the viral 
antigen and OD. against control cellular antigen Was at least 
0.30. 

Hereafter there is disclosed a speci?c test for assaying the 
above mentionned disease or eXposure to disease risks. 

10 

15 

20 

25 

40 

45 

50 

55 

60 

8 
Method 

This ELISA test is for detecting and titration of seric 
anti-retrovirus type LAV antibodies. 

It comprises carrying out a competition test betWeen a 
viral antigen (cultivated on T lymphocytes) and a control 
antigen constituted by a lysate of the same though non 
infected lymphocytes. 
The binding of the antibodies on the tWo antigens is 

revealed by the use of a human antiglobulin labelled With an 
enZyme Which itself is revealed by the addition of a corre 
sponding substrate. 

Preparation of the Viral Antigen 

The cellular cultures Which are used are T lymphocytes of 
human origin Which come from: 

umbilical cord blood, 
bone marroW, 
blood of a healthy donnor. 
After infection of the cells by the virus, the supernatant of 

the infected cell culture is used. It is concentrated by 
precipitating With 10% PEG, then puri?ed (tWo or three 
times) on a (20—60%) sucrose gradient by ultracentrifuga 
tion to equilibrium. 
The viral fractions are gathered and concentrated by 

centrifugation at 50,000 rotations per minute for 60 minutes. 
The sedimented virus is taken in a minimum volume of 

buffer NTE at pH 7.4 (Tris 0.01 M, NaCl 0.1 M, EDTA 0.001 
M). 
The proteic concentration is determined by the LoWry 

method. 
The virus is then lysed by a (RIPA+SDS) buffer (0.5% 

?nal) for 15 minutes at 37° C. 

Preparation of the Control Antigen 

The non-infected lymphocytes are cultured according to 
the preceeding conditions for from 5 to 10 days. They are 
centrifuged at loW speed and lysed in the RIPA buffer in the 
presence of 5% of the product commercialiZed under the 
name of ZYMOFREHN (Spécia) (500 p/ml). After a stay of 
15 minutes at 4° C. With frequent stirrings With vorteX, the 
lysate is centrifuged at 10,000 rotations per minute. The 
supernatant constitutes the control antigen. Its concentration 
in protein is measured by the LoWry method. 

Reagents 
1 —Plates=NUNC—special controlled ELISA 
2 —Buffer PBS: pH 7.5 
3 —TWEEN 20 
4 —Carbonate buffer: pH=9.6 (CO3Na2=0.2 M 
(CO3HNa=0.2 M 

5 —Non foetal calf serum: Which is stored in froZen state 

(BIOPRO) 
6 —Bovine serum albumine (BSA) SIGMA (fraction V) 
7 —Human anti IgG (H+L) labelled With peroXydase 
PASTEUR, in tubes of 1 ml preserved at 4° C. 

8 —Washing buffer=PBS buffer, pH 7.5 +0.05 % TWEEN 20 
Dilution of the conjuguate is carried out at the dilution 

indicated in PBS buffer+TWEEN 20 (0.05%)+bovine 
albumine 0.5 g per 100 ml 

9—Dilution buffer of sera=PBS buffer+0.05%TWEEN 20 
+0.5 g BSA bovine serum albumine per 100 ml 

10—Substrat=OPD 
Citrate buffer pH=5 .6 trisodic citrate 

(C6H5Na4O3, 2H2O), 0.05 M; citric acid (C6H8O7, 
1H2O), 0.05 M. 
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Hydrogen peroxyde=at 30% (110 volumes)—used at 
0.03% When using citrate buffer. 

Orthophenylene diamine=SIGMA 
75 mg per 25 ml of buffer—Which is diluted in buffer 

extemporaneously. 
Preparation of Tie Plates 

The plates Which are used have 96 U-shaped Wells 
(NUNC=ELISA). They include 12 roWs of 8 Wells each, 
numbered from 1 to 12. 

The distribution of antigens is as folloWs: 
100 pl of the viral antigen, diluted in carbonate buffer at 
pH 9.6, are deposited in each of the Wells of roWs 
(marked 0) 
1-2-5-6-9-10 

100 pl of the control antigen, diluted in carbonate buffer 
at pH 9.6, are deposited in each of the Wells of roWs 
(marked 0) 
3-4-7-8-11-12. 

The dilution of the viral antigen is titrated at each viral 
production. Several dilutions of viral antigen are tested and 
compared to positive and negative knoWn controls (at sev 
eral dilutions) arid to human anti-IgG labelled With 
peroxydase, the latter being also tested at several dilutions. 
As a rule, the proteic concentration of the preparation is 

of 5 to 2.5 pig/ml. 
The same proteic concentration is used for the control 

antigen. 
The plates are closed With a plastic lid and are incubated 

overnight at 4° C. 
Then they are put once in distilled Water and centri?uged. 

The Wells are then ?lled With 300 pl of non foetal calf serum 
at 20% in PBS buffer. 

The incubation lasts 2 hours at 37° C. (covered plates). 
The plates are Washed 3 times in PBS buffer With TWEEN 

20, 0.05% (PBS-tW buffer) 
?rst Washing 300 pl 
second and third Washing 200 pal/Well. 
The plates are carefully dried and sealed With an adhesive 

plastic ?lm. They can be stored at —80° C. 

ELISA Reaction: Antibody Titer Assay 
After defreeZing, the plates are Washed 3 times in PBS 

TWEEN. They are carefully dried. 
The positive and negative control sera as Well as the tested 

sera are diluted ?rst in the tube, With PBS-TWEEN con 
taining 0.5% bovine albumine. 

The chosen dilution is 1/40. 
100 pl of each serum are deposited in duplicate on the 

viral antigen and in duplicate on the control antigen. 
The same is carried out for the positive and negative 

diluted sera. 

100 pl of PBS+TWEEN+bovine serum albumine are 
introduced in tWo Wells 0 and in tWo Wells 0 to form the 
conjugated controls. 

The plates equiped With their lids are incubated for 1 h 30 
at 37° C. 
They are Washed 4 times in PBS+TWEEN 0.05%. 
100 pl of human anti-IgG (labelled With peroxydase) at 

the chosen dilution are deposited in each Well and 
incubated at 37° C. 

The plates are again Washed 5 times With the (PBS+ 
TWEEN) buffer. They are carefully dried. 

Revealing the enZymatic reaction is carried out by means 
of a orthophenylene-diamine substrate (0.05% in citrate 
buffer pH 5.6 containing 0.03% of H202). 

100 pl of substrate are distributed in each Well. 
The plates are left in a dark room 20 minutes at the 

laboratory temperature. 
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Reading is carried out on a spectrophotometer (for 

microplates) at 492 nm. 
Sera deemed as containing antibodies again the virus are 

those Which give a ODD (optical density difference=optical 
density of viral antigen less optical density of control 
antigen) equal or higher to 0.30. 

This technique enables a qualitative titration as Well as a 

quantitative one. For this purpose, it is possible either to use 
several dilutions of the serum to be assayed, or to compare 
a dilution of the serum With a range of controls tested under 

the same conditions. 

The table hereafter provides ?rst results of serological 
investigations for LAV antibodies, carried out by using the 
above exempli?ed ELISA assay. 

FIRST RESULTS OF SEROLOGICAL 
INVESTIGATIONS FOR LAV ANTIBODIES IN FRANCE 

ELISA-HTLV1 * * 

Total ELISA-LAV (Biotech) 

examined positive % positive positive % positive 

35 22 Lympha- 5 * * * 

denopathy 
patients" 
Healthy 
homosexuals 
Control 
population 

(63) (14) 

40 7 (17) 1 (3) 

54 1 (1.9) 0 (<26) 

*28 homosexuals 
3 Haitians (1 Woman) 
4 toxicomans (2 Women) 

* *The number of positive sera is probably overestimated in this test, 
since no control of unspeci?c binding could be done. 
* * *Out of the 5 LAS HTLV1 positive, 3 Were born in Haiti, 1 had 
stayed for a long time in Haiti and 1 had made several travels to USA. All 
of them had also antibodies against LAV. — 

The table shoWs clearly high prevalence of LAV antibod 
ies in the homosexual patients With LAS, the very loW 
incidence in the normal population and also a moderate 
spread of virus infection in still healthy homosexuals. In the 
latter group, all the positive individuals had a high number 
of partners (>50 per year). The incidence of HTLV antibod 
ies Was very loW in all three groups (determined by using a 
commercial ELISA test (Biotech)). The groups of AIDS 
patients gave less interpretable results: approximatively 
20% had LAV antibodies, but some of the sera Were taken 
at a very late stage of the disease, With a possible negati 
vation of the humoral response. 

It should further be mentionned that lymphocytes of all 
LAS patients do not produce detectable amounts of LAV 
type virus. Particularly cells of lymph nodes from 6 more 
LAS patients Were put in culture and tested for virus 
production as described for patient 1. No virus release could 
be detected by RT activity. HoWever, a p25 protein recog 
niZed by the serum of the ?rst patient could be detected in 
cytoplasmic extracts of the T-cells labelled With 35S 
methionine in 3 other cases. This suggests partial expression 
of a similar virus in such cases. Moreover, all (6/6) of these 
patients had antibodies against LAV p25 proteins, indicating 
that they all had been infected With a similar or identical 
virus. 

Interestingly, in lymphocytes of one of the patients 
(patient 2), there Was a Weak but de?nite immunoprecipita 
tion of a band of similar siZe (p24—25) With goat antiserum 
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raised against HTLV 1. Similarly, the patient’s serum had 
antibodies against both HTLV and LAV, suggesting a double 
infection by either viruses. Such cases seem rattler un 
frequent. 

The invention ?nally also relates to the biological 
reagents that can be formed by the LAV extracts containing 
the p25 protein or by the puri?ed p25 protein, particularly 
for the production of antibodies directed against p25 in 
animals or of monoclonal antibodies. These antibodies are 
liable of forming useful tools in the further study of anti 
genic determinants of LAV viruses or LAV-related viruses. 

It is acknowledged that the OKT designations Which have 
been used With respect to the designation of some sub-sets 
of lymphocytes or related monoclonal antibodies by Way 
ease of language, should in no Way be opposed to the 
validity of any corresponding trademark, Whether registered 
or not by its oWner. 

It should further be mentionned that the viral extracts, 
particularly viral lysates or enriched fractions can also be 
de?ned by reference to their immunological relationship or 
similitude With the extracts or enriched fractions containing 
a p25 protein as obtainable from the strain LAV1, IDAV1 or 
IDAV2. Thus any protein fraction Which is capable of giving 
similar patterns of immunological reaction as do the protein 
extracts of LAV1, IDAV1 or IDAV2 With the same sera, 
must be considered as equivalent therefor and, accordingly, 
be deemed as encompassed by the scope of the claims Which 
folloW. A similar conclusion extends of course to the diag 
nostic means (process and kits) Which may make use of such 
equivalent protein extracts. 

The LAV1 virus has been deposited at the “Collection 
Rationale des Cultures de Micro-organismes” (C.N.C.M.) 
under no. I-232 on Jul. 15, 1983 and IDAV1 and IDAV 2 
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viruses have been deposited at the C.N.C.M. on Sep. 15, 
1983 under no. I-240 and I-241, respectively. The invention 
encompasses as Well the extracts of mutants or variants of 

the above deposited strains as long as they possess substan 
tially the same immunological properties. 
We claim: 
1. Amethod for preparing and detecting HIV-1 RNA from 

a lysate of an HIV-1 virus, said method comprising: 

(a) providing a biological sample that comprises human 
CD4+ lymphocytes infected With HIV-1 virus; 

(b) separating said virus from said human CD4+ lympho 
cytes; 

(c) centrifuging said separated virus to form a fraction 
comprising concentrated virus; 

(d) isolating said fraction comprising concentrated virus; 
(e) lysing said virus; 
(f) precipitating the RNA of said virus; and 
(g) detecting said viral RNA. 
2. The method of claim 1, Wherein said method comprises 

banding said virus on a sucrose gradient or a metriZamide 
gradient. 

3. The method of claim 1, Wherein said method comprises 
pelleting said virus. 

4. The method of claim 3, Wherein said method comprises 
precipitating said virus With polyethylene glycol. 

5. The method of claim 1, Wherein the virus is lysed With 
SDS. 

6. The method of claim 1, Wherein said nucleic acid is 
precipitated With trichloroacetic acid. 

* * * * * 
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